Inhibition of 6-phosphofructo-2-kinase (PFKFB3) suppresses glucose metabolism and the growth of HER2+ breast cancer.
Human epidermal growth factor receptor-2 (HER2) has been implicated in the progression of multiple tumor types, including breast cancer, and many downstream effectors of HER2 signaling are primary regulators of cellular metabolism, including Ras and Akt. A key downstream metabolic target of Ras and Akt is the 6-phosphofructo-2-kinase/fructose-2,6-bisphosphatase 3 isozyme (PFKFB3), whose product, fructose-2,6-bisphosphate (F26BP), is a potent allosteric activator of a rate-limiting enzyme in glycolysis, 6-phosphofructo-1-kinase (PFK-1). We postulate that PFKFB3 may be regulated by HER2 and contribute to HER2-driven tumorigenicity. Immunohistochemistry and Kaplan-Meier analysis of HER2+ patient samples investigated the relevance of PFKFB3 in HER2+ breast cancer. In vitro genetic and pharmacological inhibition of PFKFB3 was utilized to determine effects on HER2+ breast cancer cells, while HER2 antagonist treatment assessed the mechanistic regulation on PFKFB3 expression and glucose metabolism. Administration of a PFKFB3 inhibitor in a HER2-driven transgenic breast cancer model evaluated this potential therapeutic approach in vivo. PFKFB3 is elevated in human HER2+ breast cancer and high PFKFB3 transcript correlated with poorer progression-free (PFS) and distant metastatic-free (DFMS) survival. Constitutive HER2 expression led to elevated PFKFB3 expression and increased glucose metabolism, while inhibition of PFKFB3 suppressed glucose uptake, F26BP, glycolysis, and selectively decreased the growth of HER2-expressing breast cancer cells. In addition, treatment with lapatinib, an FDA-approved HER2 inhibitor, decreased PFKFB3 expression and glucose metabolism in HER2+ cells. In vivo administration of a PFKFB3 antagonist significantly suppressed the growth of HER2-driven breast tumors and decreased 18F-2-deoxy-glucose uptake. Taken together, these data support the potential clinical utility of PFKFB3 inhibitors as chemotherapeutic agents against HER2+ breast cancer.